Forty-six arboviruses were tested for c.p.e, and/or plaque formation in an amphibian cell line. C.p.e. was observed with a high proportion of the viruses tested. Comparative plaque assay, in the XTC-2 cells at 28 °C and Vero cells at 37 °C, suggests that these systems are comparable in sensitivity and susceptibility to infection. Practical uses of this cell line are discussed.
INTRODUCTION
There have been a number of studies on the infection of reptilian and amphibian cell cultures with arboviruses (for a review, see Pudney, 1973) . Such studies are of particular relevance since it has been pointed out that poikilothermic vertebrates may have a role in the overwintering of arboviruses in temperate regions (Reeves, 1961) .
We have reported the establishment of a continuous cell line from the South African clawed toad, Xenopus laevis (Pudney, Varma & Leake, I973) . Here we report an extension of some earlier observations (Leake, I975) on the infection of these cells with arboviruses.
Applications of this amphibian cell line in the study of arboviruses grown in arthropod cell lines at low temperatures, and the potential use of this cell line for the primary isolation of arboviruses from field material, are under examination.
METHODS

Cells.
The XTC-2 cell line, which has been adapted to a mammalian cell culture medium L-I 5 (Leibovitz, I963) was used from the 245th subculture. The medium was supplemented with IO% tryptose phosphate broth (hereafter referred to as L-I5 medium), and IO% heat inactivated (56 °C for 30 min) foetal calf serum (FCS), without the addition of antibiotics. The cells were grown in I oz glass medical prescription bottles as described (Pudney et aL I973) , but without the use of trypsin for dispersing the cells during routine maintenance.
The Vero cell line of African green monkey cells was kindly supplied by Dr J. S. Porterfield, National Institute for Medical Research, Mill Hill, London. Cells were grown in L-I5 medium with 5 % FCS in 8 oz glass medical prescription bottles, at 37 °C.
The PS cell line of pig-kidney cells were originally supplied by Dr J. S. Porterfield to Dr B. K. Johnson of the Arbovirus Unit in the School. The cells were grown in L-~5 medium with 3 % FCS in 8 oz glass medical prescription bottles, at 37 °C.
Techniques for the maintenance of the mammalian cell lines are as described by Johnson (~973)-Viruses. The viruses tested are held as suckling mouse brain suspensions jointly with the Arbovirus Unit in the School. Infectivity titres of the stock suspensions were determined by plaque assay in mammalian cells as described below or by intracerebral inoculation of o.oi ml of decimally diluted virus suspensions into I-to 2-day-old mice. The same stock virus suspensions were used for infectivity titrations and for experiments for c.p.e, and plaque production in XTC-2 cells.
Antisera. The antisera used for tissue culture neutralization tests were prepared in New Zealand white rabbits by the Arbovirus Unit, using the method described by Chanas, Johnson & Simpson 0976) .
Virus assay. All the tissue culture assay experiments were performed in 24-well plastic disposable tissue culture trays (Linbro Chemical Co. Ltd, No. FB-I6-24-TC). For assay by c.p.e, production, 7-day-old XTC-2 monolayers were suspended in L-I5 with 2 % FCS to a final concentration of approx. 6 x Io * cells]ml. Volumes (0"9 ml) of cell suspension were dispensed into Linbro tray wells and then o.i ml volumes of decimally diluted virus suspensions were added as required. The trays were incubated at 28 °C and observed daily for the production of c.p.e, on a o to 4 scale (Cunningham, I973) . Virus titres were estimated by Thompson's moving averages (Thompson, ~947) and are expressed as dex (Haldane, I96o) , CPDs0/oq ml being the dose of virus required to produce c.p.e, in 5o ~o of the inoculated wells. This was necessary as, in a number of cases, particularly with the tick-borne viruses, total destruction of the cell monolayer did not occur.
Plaque assays were performed in the XTC-2 and mammalian cells by the method of deMadrid & Porterfield (I969). The unit volume employed for both cell and virus suspensions was o'5 ml. Monolayers of all the cell lines were trypsinized and suspended to a final concentration of approx. 4 x Io ~ cells]ml in their respective growth media. After incubation at their respective temperatures under CM-cellulose overlay, the cells were stained to reveal plaques using a naphthalene black stain as described (deMadrid & Porterfield, I969) . Virus titres are expressed as dex p.f.u./ml. Table I shows the results of experiments with 38 arboviruses for the production of c.p.e, in the XTC-2 cells. Twenty-eight viruses produced clear c.p.e. Of the io viruses failing to produce c.p.e. 9 were flaviviruses, and only two of the fiaviviruses tested, West Nile and Ntaya, produced c.p.e.
RESULTS
All the alphaviruses tested produced a c.p.e, which was usually extensive, commencing from day two. Generally, viruses other than the alphaviruses were slower to produce noticeable c.p.e., and the effects were less extensive. However, the two rhabdoviruses, Chandipura and Piry, produced extensive cell death from day one after infection.
The Phlebotomus fever group sandfly fever and Arumowot viruses, the tick-borne bunyaviruses Ganjam, Dugbe and Lanjan, and the unclassified tick-borne viruses Zirqa, Quaranfil and Ketarah all produced c.p.e, in the XTC-2 ceils, although this was usually quite slow, first signs of cell death being evident from about day four after infection.
The specificity of c.p.e, production was tested for Semliki Forest, O'nyong-nyong, Germiston and Quaranfil viruses. Prior incubation with specific antisera blocked c.p.e. production by all four viruses. 
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No virus that failed to produce c.p.e, in the cells produced plaques, and only California encephalitis virus produced a low grade c.p.e, without producing plaques.
The finding that the flaviviruses did not generally produce c.p.e, in the XTC-2 cells was confirmed in the plaque assay experiments. Only West Nile virus produced clear plaques. Compared to Vero cells, the results obtained in the XTC-2 cells were generally similar for the alphaviruses tested. Slightly higher titres were observed in the XTC-2 cells, and the endpoints were generally reached more quickly than in Vero cells. The Vero cells were superior to the XTC-2 cells for the assay of most of the bunyaviruses tested, although for certain viruses the XTC-z cells were comparable (e.g. Bunyamwera virus) or even superior (e.g. Batai virus) to results obtained in Vero cells. The three unclassified tick-borne viruses Zirqa, Quaranfil and Ketarah all failed to produce plaques in Vero cells and the XTC-2 cells were therefore far superior for the assay of these viruses. DISCUSSION TO our knowledge this is the first report of the successful use of an amphibian cell line for the assay of arboviruses. In this laboratory the XTC-2 cell line is proving useful as a simple and reliable tool for virus assay at 28 °C and is being used for the study of the replication of arboviruses in arthropod cell lines grown at low incubation temperatures and for the study of temperature sensitive (ts) virus strains produced in arthropod carrier cultures (C. J. Leake, unpublished data).
The broad susceptibility of the XTC-2 cell line may be useful for primary isolation of arboviruses from field materials, and on-going studies in the Arbovirus Unit suggest that this cell line has particular applications for the isolation and assay of a number of unclassified tick-borne viruses. Detailed results of these studies will be published separately.
